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Risk factors for primary Middle East respiratory syndrome 
coronavirus (MERS-CoV) illness in humans are incomplete¬ 
ly understood. We identified all primary MERS-CoV cases 
reported in Saudi Arabia during March-November 2014 by 
excluding those with history of exposure to other cases of 
MERS-CoV or acute respiratory illness of unknown cause 
or exposure to healthcare settings within 14 days before 
illness onset. Using a case-control design, we assessed 
differences in underlying medical conditions and environ¬ 
mental exposures among primary case-patients and 2-4 
controls matched by age, sex, and neighborhood. Using 
multivariable analysis, we found that direct exposure to 
dromedary camels during the 2 weeks before illness onset, 
as well as diabetes mellitus, heart disease, and smoking, 
were each independently associated with MERS-CoV ill¬ 
ness. Further investigation is needed to better understand 
animal-to-human transmission of MERS-CoV. 


M iddle East respiratory syndrome coronavirus (MERS- 
CoV) is a newly recognized respiratory pathogen 
first identified in a patient from Saudi Arabia in June 2012 
(7). MERS-CoV causes acute respiratory disease that has 
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a high case-fatality rate (2). All cases have been linked to 
countries in or near the Arabian Peninsula; >85% of cases 
have been reported from Saudi Arabia (2). Outbreaks of 
MERS-CoV have been associated primarily with trans¬ 
mission in healthcare settings (5-5). Transmission among 
household contacts of case-patients has been documented 

( 6 ) , but sustained human-to-human transmission has not 

(7) . Low-level infections with MERS-CoV have been re¬ 
ported, but seroprevalence of MERS-CoV antibodies in the 
general population in Saudi Arabia is low (5). Strategies 
to prevent and control infection are recommended to limit 
secondary transmission in healthcare settings and among 
household contacts ( 9 , 10 ). MERS-CoV cases continue to 
be reported in Saudi Arabia in healthcare settings and in the 
community (2). 

Animals have been suspected as a source of primary 
infection since early in the emergence of MERS-CoV, par¬ 
ticularly given the similarities to severe acute respiratory 
syndrome coronavirus, a zoonosis known to cause human 
respiratory disease, often severe, with sustained human-to- 
human transmission and amplification in healthcare settings 
(77). Persons with early cases of MERS-CoV infection 
were observed to have had exposure to dromedary camels 
(henceforth dromedaries), and subsequent serologic studies 
from the Arabian Peninsula confirmed high seroprevalence 
of MERS-CoV neutralizing antibodies in dromedaries (72— 
14 ). Other studies have detected partial genome sequences 
of MERS-CoV from dromedary specimens (75-77), and 
more recently infectious MERS-CoV has been isolated 
from dromedaries ( 16 , 18 - 21 ). Additionally, a recent report 
provided virologic and serologic evidence of transmission 
of MERS-CoV from a sick dromedary to a human in Saudi 
Arabia ( 19 ). 

Despite these reports, risk factors for primary illness 
with MERS-CoV (i.e., cases in persons without apparent 
exposure to other infected persons) are not well understood. 
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No risk factors for primary transmission of MERS-CoV to 
humans have been confirmed by epidemiologic studies, in¬ 
cluding a link with exposure to dromedaries or any other 
animal species. We conducted a case-control study to as¬ 
sess exposures in primary cases and to identify risk factors 
associated with primary MERS-CoV illness in humans. 

Methods 

Study Design 

In Saudi Arabia, all laboratory-confirmed MERS-CoV 
cases are reported to the Ministry of Health (MoH) and 
routinely investigated to assess preillness exposures. All 
cases reported during March 16-November 13, 2014, were 
screened for inclusion. For cases reported before May 13, 
2014, a confirmed case was defined as illness in any person 
hospitalized with bilateral pneumonia and laboratory con¬ 
firmation of MERS-CoV infection on the basis of a positive 
real-time reverse transcription PCR targeting 2 genes: the 
upstream of E gene and the open reading frame la gene (22). 
The case definition was revised on May 13, after which a 
confirmed case was defined as laboratory confirmation and 
any 1 of the following 4 clinical definitions: 1) fever and 
community-acquired pneumonia or acute respiratory dis¬ 
tress syndrome based on clinical or radiologic evidence; 2) 
healthcare-associated pneumonia based on clinical and ra¬ 
diologic evidence in a hospitalized person; 3a) acute febrile 
(>38°C) illness, b) body aches, headache, diarrhea, or nau¬ 
sea/vomiting, with or without respiratory symptoms, and c) 
unexplained leucopenia (leukocytes <3.5 x 10 9 cells/L) and 
thrombocytopenia (platelets <150 x 10 9 /L); 4) protected or 
unprotected exposure of a person (including a healthcare 
worker) to a confirmed or probable MERS-CoV infection 
and upper or lower respiratory illness within 2 weeks after 
exposure (23-25). For this study, case-patients were select¬ 
ed from among symptomatic patients whose illness met the 
case definition in place at the time of report and who met 
the study inclusion criteria described below. 

Case and Control Selection 

Primary MERS-CoV cases were defined as cases in persons 
without known exposure to other MERS-CoV cases or re¬ 
cent (within 14 days) exposure to healthcare settings (3,5). 
MERS-CoV case-patients meeting this definition were 
presumed to have acquired infection through nonhuman 
contact. A trained MoH interviewer contacted the case- 
patient or proxy by phone or in person to conduct an initial 
screening. Case-patients were excluded if, within 14 days 
before onset of their MERS-CoV illness, they had been ad¬ 
mitted to or visited any healthcare facility; had worked in 
a healthcare facility in any capacity; had a recognized epi¬ 
demiologic link with another person either with confirmed 
MERS-CoV infection or with an acute respiratory illness 


(as perceived by the participant) of unknown cause; were 
<18 years of age; or did not provide consent for interview 
either personally or by proxy (i.e., a family member or 
close friend familiar with the preillness activities and usual 
habits of the case-patient) for case-patients who had died or 
were too ill to give consent personally. 

For each case-patient, we randomly selected up to 4 
neighborhood controls matched by age and sex. For case- 
patients 18 to <25 years old, controls were matched within 
5 years of age, and for those >25 years old, controls were 
matched within 10 years of age. First, starting at the case- 
patient’s household, a random direction was selected by 
flipping a coin. Second, the distance in number of houses 
from the case-patient’s residence was randomly deter¬ 
mined from 1 to 10 by choosing from a random number list. 
For multifamily structures, the starting floor and apartment 
were randomly chosen. Once a household was identified, 1 
control was selected on the basis of the matching criteria; 
the exclusion criteria used for case-patients were also ap¬ 
plied for all controls. If >1 person in the household met 
matching criteria, 1 was randomly chosen. If no matching 
control was found in the selected household, the next house 
in the same direction was visited, and so on, until an eli¬ 
gible control was enrolled. 

Interview Process 

A case-control protocol developed by the World Health 
Organization was adapted to create a standardized ques¬ 
tionnaire for assessing risk factors associated with MERS- 
CoV illness. This questionnaire was used by MoH staff to 
conduct in-person interviews with case-patients (or their 
proxies) and controls (26). The 14-day period before illness 
onset was defined as the exposure period both for case-pa¬ 
tients and their corresponding controls. 

Data Collection 

The questionnaire addressed demographic information; 
medical history; travel history; and information about hu¬ 
man, food, and animal exposures. Human exposure ques¬ 
tions addressed preillness exposures to healthcare settings 
or persons with acute respiratory illness. Food exposure 
questions assessed consumption of fruit, vegetables, un¬ 
pasteurized milk, meats, urine, or chewing of siwak (a 
twig from the Salvadora persica tree, traditionally used 
for teeth cleaning). Animal exposure questions addressed 
multiple species (dromedaries, goats, sheep, horses, cattle) 
and whether any direct or indirect exposure to animals oc¬ 
curred. Direct animal exposure in the 14-days before ill¬ 
ness onset was defined as physical contact with animals or 
animal products (carcasses, body fluids, secretions, urine, 
excrement, or raw meat) in any setting (farm, livestock 
market, slaughterhouse, racetrack, stable, or other ani¬ 
mal-related venue) or engaging in certain animal-related 
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activities (feeding animals, cleaning housing, slaughtering, 
assisting with birth, milking, kissing or hugging, or oth¬ 
er related tasks). Indirect animal exposure in the 14 days 
before illness onset was defined as having visited settings 
where animals were kept but without having direct con¬ 
tact; or exposure to household members who themselves 
had direct animal exposure. When assessing animal expo¬ 
sure during the previous 6 months, participants self-defined 
direct physical contact. Interviews with case-patients and 
controls were conducted in Arabic or English. 

Because this investigation was part of a public health 
response, MoH and the US Centers for Disease Control and 
Prevention (CDC; Atlanta, GA, USA) determined it to be 
nonresearch and therefore not subject to institutional re¬ 
view board review. We obtained written informed consent 
from all participants or their proxies. 

Statistical Analysis 

We used Epi Info 7 (CDC, Atlanta GA, USA) for data 
entry and SAS version 9.3 (SAS Institute Inc., Cary, NC, 
USA) for data analysis. Characteristics that were not 
part of the matching process for case-patients and con¬ 
trols were compared using x 2 tests, Fisher exact tests, or 
t tests. We used exact conditional logistic regression to 
estimate odds ratios (ORs), 95% mid-p CIs, and exact p 
values for potential risk factors for MERS-CoV illness. 
Factors found to be significant (p<0.05) in the univariate 
analysis were further evaluated in multivariable analyses. 


We created a final multivariable model through stepwise 
elimination of nonsignificant variables until all remain¬ 
ing variables in the multivariate model were significant at 
p<0.05. Interactions between risk factors were also evalu¬ 
ated in the multivariable analyses. 

Results 

During March 16-November 13, 2014, a total of 535 pa¬ 
tients with laboratory-confirmed MERS-CoV infection 
were reported to the MoFl. After screening based on the ex¬ 
clusion criteria, 34 patients were identified as possible pri¬ 
mary case-patients. Two persons refused to participate, and 
2 did not meet the age criteria for inclusion. The remaining 
30 case-patients, representing 8 of 13 regions in Saudi Ara¬ 
bia, were enrolled in the study (Figure). Symptom onset 
dates for enrolled case-patients ranged from February 25 
through November 2, 2014. 

We identified and included 116 controls: 4 age-, 
sex- and neighborhood-matched controls for each of 28 
case-patients and 2 controls for each of the 2 remaining 
case-patients. Of the 116 controls, ages for 6 exceeded the 
age-matching criteria by 1-5 years. One case-patient did 
not have a formal residence; after his interview, 4 controls 
were selected from the vicinity of the area where he spent 
his nights. 

Case-patients and controls were interviewed during 
June 8-November 29, 2014. Interviews with case-patients 
and controls were conducted on the same day, a median of 
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Figure. City or governorate 
of residence of persons with 
primary Middle East respiratory 
syndrome coronavirus included 
in the study, Saudi Arabia, 
March 16-November 13, 2014. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 1, January 2016 


51 



RESEARCH 


27 days (range 0-192 days, interquartile range 12-70 days) 
after case-patients’ illness onsets. 

Median age of case-patients was 49 years; 97% were 
male (Table 1). Rate of ownership of a barn or farm with 
animals was similar between case-patients and controls, but 
income was higher for case-patients than for controls (53% 
vs. 34%, respectively, had a monthly income of >6,000 
SAR [US $1,600]; 2013 gross national income per capita 
is $2,188/month in Saudi Arabia [27]). Other demographic 
features between the groups were similar. At the time of 
interview, 7 (23%) case-patients were deceased, and 10 
(33%) were too ill to be interviewed. For these 17 (57%) 
case-patients and for 1 (1%) control, a family member 
served as proxy. Case-patients interviewed by proxy were 
more likely than those interviewed directly to have under¬ 
lying medical conditions but were similar in age, other de¬ 
mographic characteristics, and animal-related exposures. 

Several exposures were associated with MERS-CoV 
by univariate analysis (Table 2). During the 14 days be¬ 
fore illness onset, case-patients were more likely than con¬ 
trols to have had direct dromedary exposure (33% vs. 15%, 
OR 3.73, 95% Cl 1.24-11.80); to keep dromedaries in or 
around the home (30% vs. 15%, OR 3.34, 95% Cl 1.04- 
10.98); or to have visited a farm where dromedaries were 
present (90% vs. 53%, OR 11.57, 95% Cl 2.67-oo); Among 
those who visited a farm where livestock were kept during 
the exposure period, case-patients were more likely than 
controls to have milked dromedaries (50% vs. 23%, OR 
10.36, 95% Cl 2.47-00). Case-patients also were more like¬ 
ly than controls to live in the same household as someone 
who had visited a farm with dromedaries during the previ¬ 
ous 14 days (30% vs. 12%, OR 3.95, 95% Cl 1.23-13.72) 


and to have had direct contact with a dromedary while 
there (40% vs. 15%, OR 5.03, 95% Cl 1.66-16.88). Case- 
patients also were more likely than controls to have had 
direct physical contact with dromedaries in the previous 
6 months (37% vs. 13%, OR 7.67, 95% Cl 2.10-36.08). 
Case-patients were no more likely than controls to report 
exposure to bats, goats, horses, sheep, or the products of 
these animals; however, direct cattle exposure was signifi¬ 
cantly associated with illness (13% vs. 3%, OR 6.00, 95% 
Cl 1.02-48.44). No differences were noted in consump¬ 
tion of fruits; vegetables; or animal products, including 
uncooked meat, unpasteurized animal milk, or dromedary 
urine (online Technical Appendix Table 1, http://wwwnc. 
cdc.gov/EID/article/22/01/15-1340-Techappl.pdf). We 
observed no significant differences in dromedary expo¬ 
sures between case-patients interviewed directly and those 
interviewed by proxy. 

Case-patients were more likely than controls to have 
>1 underlying medical condition (70% vs. 42%, OR 5.11, 
95% Cl 1.70-18.67). Diabetes mellitus (55% vs. 28%, OR 
3.72, 95% Cl 1.45-10.25); heart disease (37% vs. 12%, OR 
5.11, 95% Cl 1.81-15.46); and chronic lung disease (13% 
vs. 1%, OR 17.68, 95% Cl 4.22-oo) were each reported sig¬ 
nificantly more frequently among case-patients than among 
controls. No significant differences were identified in other 
reported health conditions (asthma, kidney failure, chronic 
liver disease, cancer, blood disorders, or conditions requir¬ 
ing corticosteroid use). Case-patients also were more likely 
than controls to currently smoke tobacco (37% vs. 19%, 
OR 3.14, 95% Cl 1.10-9.24). Using siwak during the ex¬ 
posure period was associated with a lower risk for MERS- 
CoV illness (25% vs. 49%, OR 0.24, 95% Cl, 0.06-0.77). 


Table 1. Demographic characteristics of Middle East respiratory syndrome coronavirus case-patients compared with age- 
matched neighborhood controls. Saudi Arabia, March 16-November 13, 2014 

and sex- 

Variable* 

Total, no. (%), n = 146 

Case-patients, no. (%), n = 30 

Controls, no. (%), n = 116 

p value 

Sex 

F 

M 

5(3) 

141 (97) 

1 (3) 

29 (97) 

4(3) 

112 (97) 

1.000] 

Interview respondent]: 

Self 

128 (88) 

13 (43) 

115 (99) 

<0.001] 

Proxy (relative) 

18 (12) 

17(57) 

1 (D 


Nationality 

Saudi 

98 (67) 

19 (63) 

79 (68) 

0.620§ 

Non-Saudi 

48 (33) 

11 (37) 

37(32) 


Education 

Primary school or less 

65 (45) 

14 (47) 

51 (44) 

0.850§ 

More than primary school 

81 (55) 

16 (53) 

65 (56) 


Household income (monthly)] 
<6,000 SAR 

91 (62) 

14 (47) 

77 (66) 

0.047§ 

>6,000 SAR 

55 (38) 

16 (53) 

39 (34) 


Marital status 

Never married 

8(5) 

3(10) 

5(4) 

0.475§ 

Married 

133 (91) 

26 (87) 

107 (92) 


Widowed 

5(3) 

1 (3) 

4(3) 



*Median ages (ranges) in years are as follows: case-patients, 49 (20-72); controls, 50 (19-74); all, 50 (19-74). p<0.846, pooled t test. 
tFisher exact test. 

^Statistically significant (p<0.05). 

§X 2 test. 
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Table 2. Animal-related exposures, underlying health conditions, current tobacco use, and siwak use for Middle East respiratory 
syndrome coronavirus case-patients compared with matched controls. Saudi Arabia, March 16-November 13, 2014 _ 


Variable 

No. (%) with 
Case-patients, 
n = 30 

exposure* 
Controls, 
n = 116 

Odds ratio (95% Cl) 

p value 

Animal-related exposures 

Household members frequently visit farms with dromedariestt 

12/30 (40) 

14/115 (12) 

7.06 (2.23-26.46) 

<0.001 

Household members visited a farm with dromedaries during 

9/30 (30) 

14/115 (12) 

3.95 (1.23-13.72) 

0.018 

exposure period): 

Household members had direct contact with dromedaries during 

12/30 (40) 

17/114 (15) 

5.03 (1.66-16.88) 

0.004 

exposure periodt§ 

Spouse 

4/30 (13) 

4/116 (3) 

4.26 (0.86-23.41) 

0.065 

Other relatives) 

7/30 (23) 

7/116 (6) 

4.59 (1.36-16.27) 

0.012 

Domestic help) 

5/30 (17) 

3/116 (3) 

15.04 (1.96-369.59) 

0.006 

Dromedaries kept in/around home during exposure period)§ 

9/30 (30) 

17/115 (15) 

3.34 (1.04-10.98) 

0.047 

Goats kept in/around home during exposure period)§ 

1/30 (3) 

22/115 (19) 

0.08 (0.003-0.58) 

0.011 

Horses kept in/around home during exposure period§ 

1/29 (3) 

0/115 (0) 

4.00 (0.44-co) 

0.200 

Bats in/around house during exposure period§ 

3/28 (11) 

11/112 (10) 

1.60 (0.24-9.23) 

0.646 

Sheep kept in/around home during exposure period§ 

10/30 (33) 

22/115 (19) 

3.34 (0.97-12.19) 

0.057 

Sheep present at a slaughterhouse visited during exposure 

1/30 (3) 

18/116 (16) 

0.15 (<0.001-0.56) 

0.040 

period)§ 

Visited farm where livestock were kept during exposure period§ 

10/29 (34) 

32/116 (28) 

1.67 (0.52-5.42) 

0.393 

Dromedary present on farm) 

9/10 (90) 

17/32 (53) 

11.57 (2.67-qo) 

0.013 

Milked dromedaries while on farm) 

5/10 (50) 

7/31 (23) 

10.36 (2.47-qo) 

0.013 

Visited other livestock venue (i.e., not farm, market, 

7/29 (24) 

12/111 (11) 

3.33 (1.001-11.05) 

0.040 

slaughterhouse, racetrack, or stable) during exposure period)§ 
Direct physical contact with dromedary during last 6 mo) 

11/30 (37) 

15/116 (13) 

7.67 (2.10-36.08) 

0.001 

Any direct contact with a dromedary during exposure period)§1f 

10/30 (33) 

17/116 (15) 

3.73 (1.24-11.80) 

0.020 

Any direct contact with a goat during exposure period§ 

4/30 (13) 

22/116 (19) 

0.64 (0.17-2.02) 

0.584 

Any direct contact with a§ sheep during exposure period§U 

10/30 (33) 

38/116 (33) 

1.03 (0.37-2.77) 

1.000 

Any direct contact with a horse during exposure period§U 

1/30 (3) 

0/116 (0) 

4.00 (0.44-co) 

0.200 

Any direct contact with cattle during exposure period§U 

4/30 (13) 

4/116 (3) 

6.00 (1.02-48.44) 

0.043 

Underlying health conditions and behaviors 

Diabetes) 

16/29 (55) 

32/116 (28) 

3.72 (1.45-10.25) 

0.005 

Emphysema, chronic bronchitis, or other chronic lung disease) 

4/30 (13) 

1/113 (1) 

17.68 (4.22-oo) 

0.003 

Heart disease) 

11/30 (37) 

14/114 (12) 

5.11 (1.81-15.46) 

0.002 

Current smoker) 

11/30 (37) 

22/116 (19) 

3.14 (1.10-9.24) 

0.030 

Any underlying condition)# 

21/30 (70) 

49/116 (42) 

5.11 (1.70-18.67) 

0.004 

Any underlying condition, including current smoking) 

27/30 (90) 

64/116 (55) 

7.55 (2.32-33.45) 

<0.001 

Using siwak during exposure period)§ 

7/28 (25) 

56/114 (49) 

0.24 (0.06-0.77) 

0.023 


*Denominators vary on the basis of completeness of responses or reflect subsets. 
tDromedaries, dromedary camels. 

^Statistically significant (p<0.05). 

§The exposure period of cases is defined as the 14 days before the date of the first symptom onset. For controls, the exposure period is the same as for 
the case to which they are matched. 

IJDirect animal contact includes any of the following specific exposures: physical contact with animals or animal products (i.e., carcasses, body fluids, 
secretions, urine, excrement, or raw meat) in any setting (i.e., farm, livestock market, slaughterhouse, racetrack or stable, or other animal-related venues) 
or engaging in certain animal-related activities (i.e., feeding animals, cleaning their housing, slaughtering them, assisting with their birth, milking them, 
kissing or hugging them, or other related tasks). 

#Diabetes, asthma, emphysema, chronic bronchitis, other chronic lung disease, kidney failure, chronic liver disease, heart disease, history of cancer 
treatment, blood disorder._ 


Multivariable analysis yielded a final model in which 
direct dromedary exposure in the 2 weeks before illness 
onset was associated with MERS-CoV illness (adjusted 
OR 7.45, 95% Cl 1.57-35.28), along with having diabe¬ 
tes (adjusted OR 6.99, 95% Cl 1.89-25.86) or heart dis¬ 
ease (adjusted OR 6.87, 95% Cl 1.81-25.99) or currently 
smoking tobacco (adjusted OR 6.84, 95% Cl 1.68-27.94) 
(online Technical Appendix Table 2). When substituting 
direct physical contact with dromedaries in the previ¬ 
ous 6 months for direct dromedary exposure in the past 2 
weeks, we found this exposure to be significantly associ¬ 
ated with MERS-CoV illness (adjusted OR 14.59, 95% Cl 
2.38-89.55) along with previously identified risk factors: 


having diabetes (adjusted OR 6.95, 95% Cl 1.85-26.12) 
or heart disease (adjusted OR 6.09, 95% Cl 1.61-22.94) 
or currently smoking tobacco (adjusted OR 7.36, 95% Cl 
1.75-30.94). We identified no significant interactions for 
direct dromedary exposure, having diabetes, having heart 
disease, or currently smoking tobacco and other exposures, 
underlying conditions, or behaviors. 

Discussion 

By carefully identifying persons with primary MERS-CoV 
infections and systematically comparing their characteris¬ 
tics to age- and sex-matched neighborhood controls, our 
study supports a link between exposure to dromedaries and 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 1, January 2016 


53 




RESEARCH 


human MERS-CoV illness, as well as host risk factors (i.e., 
diabetes, heart disease, and smoking). Exposure to bats, 
goats, horses, sheep, or the products of these animals were 
not associated with MERS CoV illness in our study. The 
role of an animal reservoir in the transmission of MERS- 
CoV to humans has been actively considered since the first 
reported cases in 2012. Our investigation was designed to 
broadly assess the possible routes and modes of transmis¬ 
sion of MERS-CoV and to determine the risk associated 
with exposure to different animal species and general envi¬ 
ronmental factors. 

In our study, direct contact with dromedaries in the 2 
weeks before illness onset was associated with MERS-CoV 
illness. The proportions reporting direct contact with drom¬ 
edaries was limited among both case-patients and controls 
(33% vs. 15%). Among specific direct exposures that we 
investigated, only milking dromedaries was significantly as¬ 
sociated with illness. However, we noted a significant as¬ 
sociation when considering together all reported activities 
that involve direct dromedary exposure. When we controlled 
for underlying conditions, direct exposure to dromedar¬ 
ies (whether in the previous 2 weeks or in the previous 6 
months) remained an independent risk factor for MERS- 
CoV illness. Additionally, living in the same household with 
persons who reported working on or visiting a farm where 
dromedaries were kept was a risk factor for illness; although 
the numbers were small, the highest risks were associated 
with other relatives and domestic helpers. Indirect contact 
with dromedaries might explain primary MERS-CoV illness 
in case-patients without direct dromedary contact and should 
be further explored. Other potential explanations of MERS- 
CoV illness in primary case-patients who did not have direct 
contact with dromedaries include unrecognized community 
exposure to patients with mild or subclinical MERS-CoV in¬ 
fection or exposure to other sources of primary MERS-CoV 
infection not ascertained in our study. A recent nationwide 
serosurvey from Saudi Arabia estimated that >44,000 per¬ 
sons might be seropositive for MERS-CoV and might be 
the source of infection to patients with confirmed primary 
MERS-CoV illness but with no dromedary exposure (5). 
Although we found that direct and indirect dromedary expo¬ 
sure were significantly associated with MERS-CoV illness, 
our study had limited power to detect specific behaviors or 
practices associated with illness. Future studies should be de¬ 
signed to further explore this association. 

Case-patients in our study were significantly more 
likely than controls to report diabetes; this finding provides 
epidemiologic evidence of diabetes as a risk factor for 
MERS-CoV illness. Smoking and heart disease were also 
significantly associated with MERS-CoV illness. Of note 
was the overwhelming male preponderance in our study; 
only 1 of the 30 case-patients with primary infection was 
female. The fact that men in Saudi Arabia are much more 


likely than women to have contact with dromedaries might 
explain this observation. Previous studies have reported 
some male preponderance, but those findings were not as 
striking as our results, probably because MERS-CoV in¬ 
fections in most patients in other studies were healthcare 
associated and transmitted from human to human (2,4) 

Our study is subject to several limitations. First, the 
delay between illness and interview might have affected re¬ 
call among study participants. Second, our study was a na¬ 
tionwide investigation that covered a large area, and inter¬ 
views were conducted by different teams at different times. 
However, all interviewers received training designed to 
limit interview variability. Third, MERS-CoV is a highly 
lethal disease, and 17 of the 30 case-patients in our study 
were interviewed by proxy (i.e., information was collected 
from a family member), which might have affected the 
reliability of the exposure information collected. Fourth, 
choosing neighborhood controls could have resulted in an 
underestimation of certain risk factors because of possible 
similarities between case-patients and controls. However, 
the study still identified an association with dromedary ex¬ 
posure. Fifth, the occurrence of primary MERS-CoV cases 
is a relatively rare event, limiting the number of cases avail¬ 
able for inclusion in our study and the power to detect dif¬ 
ferences from controls. We applied stringent criteria for en¬ 
rollment and attempted to exclude persons who might have 
acquired infection through human-to-human transmission, 
but the possibility of misclassification remains. However, 
inadvertent inclusion of secondary cases is likely to mean 
that the true risk associated with dromedary exposure was 
higher than we estimated. Sixth, we did not investigate 
dromedary husbandry practices or ascertain whether drom¬ 
edaries were infected with MERS-CoV. Additionally, the 
surveillance system in place in Saudi Arabia might be more 
likely to detect persons severely affected by MERS-CoV, 
who also might be more likely to have underlying condi¬ 
tions. This fact might have overstated the role of underly¬ 
ing conditions as a risk factor for disease. Finally, as in 
any study where a large number of parameters are tested, 
the expected type 1 error rate is 5%; therefore, one could 
anticipate that 1 in 20 significant results would incorrectly 
reject the null hypothesis. 

In conclusion, our findings represent an important 
initial step in understanding the risk factors for MERS- 
CoV infection, including zoonotic transmission. Control 
of MERS-CoV ultimately depends on the interruption of 
transmission to prevent primary MERS-CoV cases. Future 
longitudinal studies to assess specific human-dromedary 
interactions are needed to inform preventive measures. 

Acknowledgments 

We thank Aron Hall for his critical review of the manuscript and 
Maria Van Kerkhove and Mamun Malik for their assistance in 


54 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 1, January 2016 



Risk Factors for Primary MERS-CoV Illness 


designing the original questionnaire that was adapted and used 
for our study. 

This study was funded by the MoH, Saudi Arabia, and CDC. 

Dr. Alraddadi is a consultant of infectious diseases at King 
Faisal Specialist Hospital and Research Center, Jeddah, Saudi 
Arabia. His research interests focus on MERS-CoV and trans¬ 
plant-related infections. 

References 

1. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, 
Fouchier RA. Isolation of a novel coronavirus from a man with 
pneumonia in Saudi Arabia. N Engl J Med. 2012;367:1814-20. 
http://dx.doi.org/10.1056/NEJMoa 1211721 

2. World Health Organization. Middle East respiratory syndrome 
coronavirus (MERS-CoV): summary of current situation, literature 
update and risk assessment—as of 5 February 2015 [cited 2015 Feb 
12]. http://www.who.int/csr/disease/coronavirus_infections/ 
mers-5 -february-2015 .pdf?ua= 1 

3. Assiri A, McGeer A, Perl TM, Price CS, A1 Rabeeah A A, 
Cummings DA, et al. Hospital outbreak of Middle East respiratory 
syndrome coronavirus. N Engl J Med. 2013;369:407-16. 
http://dx.doi.org/10.1056/NEJMoa 1306742 

4. Al-Abdallat MM, Payne DC, Alqasrawi S, Rha B, Tohme RA, 
Abedi GR, et al. Hospital-associated outbreak of Middle East 
respiratory syndrome coronavirus: a serologic, epidemiologic, 
and clinical description. Clin Infect Dis. 2014;59:1225-33. 
http://dx.doi.org/10.1093/cid/ciu359 

5. Oboho IK, Tomczyk SM, Al-Asmari AM, Banjar AA, Al-Mugti H, 
Aloraini MS, et al. 2014 MERS-CoV outbreak in Jeddah—a link 
to health care facilities. N Engl J Med. 2015;372:846-54. 
http://dx.doi.org/10.1056/NEJMoal408636 

6. Drosten C, Meyer B, Muller MA, Corman VM, Al-Masri M, 
Hossain R, et al. Transmission of MERS-coronavirus in 
household contacts. N Engl J Med. 2014;371:828-35. 
http://dx.doi.org/10.1056/NEJMoal405858 

7. World Health Organization. WHO statement on the eighth 
meeting of the IHR Emergency Committee regarding 
MERS-CoV [cited 2015 May 19]. http://www.who.int/mediacentre/ 
news/statements/2015/8th-mers-emergency-committee/en/ 

8. Muller MA, Meyer B, Corman VM, Al-Masri M, Turkestani A, 

Ritz D, et al. Presence of Middle East respiratory syndrome 
coronavirus antibodies in Saudi Arabia: a nationwide, cross- 
sectional, serological study. Lancet Infect Dis. 2015;15:559-64. 
http://dx.d 0 i. 0 rg/l 0.1016/S 1473-3099( 15)70090-3 

9. World Health Organization. Infection prevention and control during 
health care for probable or confirmed cases of novel coronavirus 
(nCoV) infection. Interim guidance. 6 May 2013 [cited 2015 

Oct 20]. http://www.who.int/csr/disease/coronavirus_infections/ 
IPCnCo Vguidance_06May 13 .pdf?ua= 1 

10. World Health Organization. Rapid advice note on home care for 
patients with Middle East respiratory syndrome coronavirus 
(MERS-CoV) infection presenting with mild symptoms and 
management of contacts. 8 August 2013 [cited 2014 Feb 5]. 
http://www.who.int/csr/disease/coronavirus_infections/MERS_ 
home_care.pdf?ua= 1 

11. Peiris JS, Yuen KY, Osterhaus AD, Stohr K. The severe acute 
respiratory syndrome. N Engl J Med. 2003;349:2431-41. 
http://dx.doi.org/10.1056/NEJMra032498 

12. Meyer B, Muller MA, Corman VM, Reusken CB, Ritz D, 

Godeke GJ, et al. Antibodies against MERS coronavirus in drom¬ 
edary camels, United Arab Emirates, 2003 and 2013. Emerg Infect 
Dis. 2014;20:552-9. http://dx.doi.org/10.3201/eid2004.131746 


13. Hemida MG, Perera RA, Wang P, Alhammadi MA, Siu LY, Li M, 
et al. Middle East respiratory syndrome (MERS) coronavirus 
seroprevalence in domestic livestock in Saudi Arabia, 2010 to 
2013. Euro Surveill. 2013;18:20659. 

14. Reusken CB, Ababneh M, Raj VS, Meyer B, Eljarah A, Abutarbush S, 
et al. Middle East respiratory syndrome coronavirus (MERS-CoV) 
serology in major livestock species in an affected region in Jordan, June 
to September 2013. Euro Surveill. 2013; 18:20662. 

15. Briese T, Mishra N, Jain K, Zalmout IS, Jabado OJ, Karesh WB, 
et al. Middle East respiratory syndrome coronavirus quasispecies 
that include homologues of human isolates revealed through whole- 
genome analysis and virus cultured from dromedary camels in 
Saudi Arabia. MBio. 2014;5:e01146-14. http://dx.doi.org/10.1128/ 
mBio.01146-14 

16. Nowotny N, Kolodziejek J. Middle East respiratory syndrome 
coronavirus (MERS-CoV) in dromedary camels, Oman, 2013. 

Euro Surveill. 2014; 19:20781. 

17. Haagmans BL, Al Dhahiry SH, Reusken CB, Raj VS, Galiano M, 
Myers R, et al. Middle East respiratory syndrome coronavirus in 
dromedary camels: an outbreak investigation. Lancet Infect Dis. 

2014; 14:140-5. http://dx.doi.org/10.1016/S 1473-3099( 13)70690-X 

18. Raj VS, Farag EA, Reusken CB, Lamers MM, Pas SD, Voermans J, 
et al. Isolation of MERS coronavirus from a dromedary camel, 
Qatar, 2014. Emerg Infect Dis. 2014;20:1339^12. http://dx.doi.org/ 
10.3201/eid2008.140663 

19. Azhar El, El-Kafrawy SA, Farraj SA, Hassan AM, Al-Saeed MS, 
Hashem AM, et al. Evidence for camel-to-human transmission of 
MERS coronavirus. N Engl J Med. 2014;370:2499-505. 
http://dx.doi.org/10.1056/NEJMoa 1401505 

20. Hemida MG, Chu DK, Poon LL, Perera RA, Alhammadi MA, 

Ng HY, et al. MERS coronavirus in dromedary camel herd, 

Saudi Arabia. Emerg Infect Dis. 2014;20:1231—4. http://dx.doi.org/ 
10.3201/eid2007.140571 

21. Chu DK, Poon LL, Gomaa MM, Shehata MM, Perera RA, 

Abu Zeid D, et al. MERS coronaviruses in dromedary camels, 
Egypt. Emerg Infect Dis. 2014;20:1049-53. http://dx.doi.org/ 
10.3201/eid2006.140299 

22. Corman VM, Muller MA, Costabel U, Timm J, Binger T, Meyer B, 
et al. Assays for laboratory confirmation of novel human coronavirus 
(hCoV-EMC) infections. Euro Surveill. 2012; 17:20334. 

23. Kingdom of Saudi Arabia Ministry of Health Command and 
Control Center. Case definition and surveillance guidance for 
MERS-CoV testing in Saudi Arabia—13 May 2014 [cited 2014 Jun 
12]. http://www.moh.gov.sa/en/CoronaNew/Regulations/ 
MoHCaseDefinitionMERSCoVVersionMay 132014.pdf 

24. Madani TA. Case definition and management of patients 
with MERS coronavirus in Saudi Arabia. Lancet Infect Dis. 

2014; 14:911-3. http://dx.d 0 i. 0 rg/l0.1016/S 1473-3099( 14)70918-1 

25. Madani TA, Althaqafi AO, Alraddadi BM. Infection prevention 
and control guidelines for patients with Middle East respiratory 
syndrome coronavirus (MERS-CoV) infection. Saudi Med J. 
2014;35:897-913. 

26. World Health Organization. Case-control study to assess potential risk 
factors related to human illness caused by Middle East respiratory 
syndrome coronavirus (MERS-CoV). Version 5. 28 March 2014 [cited 

2014 Feb 5]. http://www.who.int/csr/disease/coronavirus_infections/ 
MERSCoVCaseControlStudyofExposures28March2014.pdf 

27. World Bank. World Development Indicators database. Gross 
national income per capita 2013, Atlas method and PPP. 14 April 

2015 [cited 2015 May 19]. http://databank.worldbank.org/data/ 
download/GNIPC.pdf 

Address for correspondence: Tariq A. Madani, Department of Medicine, 

Faculty of Medicine, King Abdulaziz University, PO Box 80215, Jeddah 

21589, Saudi Arabia; email: tmadani@kau.edu.sa 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 1, January 2016 


55 



